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ABSTRACT oe : 

| The response of various impulse current 

shunts to an approximate step function of current 

was investigated. The effects on the transient 

response of different shunt constructions are 


reported. 
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CONCLUSION ], The general transient response Of x" 
impulse current shunts may be investigated and 
explained in terms of the response to a step 
function of current. A circuit has been devised 
which will produce an approximate step function 


of current through a shunt. 


2. The response voltage of a typical shunt 
of hairpin construction to 4 step function con- 
tains a large inductive component. 


2. A coaxial shunt eliminates the component 
by current positioning of the potential lead. 


4. The response of hairpin type shunts may 
be considerably improved by placing a potential 
lead along the shunt element. 

a yi eee 
By cutting out this rectangle and folding on the center line, the above information can be fitted 
into a standard card file. 
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DRAWING NOS. Reports: 50TPO1 OBJECT: 
| | The object of these tests was to determine the transient 
response of impulse current shunts. This was done by measuring 
the output voltage when the input current was an approximate step 
function of current. The degree to which the response could be 
improved by suitable placement of the potential lead was also 
: investigated. 
oo THEORETICAL CONSIDERATIONS: 


, An ideal impulse current shunt would be @ pure resistance, but 
PL 120089 | any practical shunt will possess a certain amount of inductance as 
well, which may lead to significant errors. If the shunt is repre- 
sented as an inductance in series with a resistance, as below 
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The response voltage would prise im P wt ene 
exponentially, and Poet, a steady athe’ Gia. sues ro eee? decay 
tance voltage drop. Actually of course a eee = resis— 
and a shunt possessing no capacitance are only Beiethece si) ee 
an ee mete Step function of current were applied to - i. 
shunt, the response voltage would be of the followins-form. °°" 


| 


Me 


0 
0 | 7 


The ampli 
Rises Fer ce applied’ a P7erehoet assuming a constant wave 
effective inducteace ce ae a ate liy PPOportional to the 


If a ramp function of e¢ 
e+ ° a +a UPrrent a curren aay 3 2 4 
oe. tnttely at a constant rate, were el ice eaten 
esponse voltage would be of the following form one 


di 
@é = Ri + L a 
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To eliminate th . 24 i 

Have the inductive volta me di; | 

rae Dae : e drep Lao : cree 

Sary to eliminate the inductance. © “ag ** 18 of course neces- 

A practic ; 

ik . a pete must be made up of a piece of resistance materi 

erated by hi kien os and jarge enough to absorb the heat gen- 

material, usually Pees ih ial Without undue temperature rise The 
pan & Orm of a ribbon of resistance me et ae 

also he arrar / OL PESiStance me mie + 

| € arranged so that the effective inductance is as male 
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practical. Generally the ribbon is folded into a hairpin loop with 
insulation between the two parts and clamped tightly together. 


——ane  Comaenre  awtente  eeNESe temas SS EES 0 eermets ©60 compan omen | ax 


ee. resistance ribbon 
A —— 
ik oa 


C-ins ulation 


If the ribbon and the insulation were of zero thickness, the total 
inductance would be zero since all the magnetic flux generated 


in one half of the loop would link the other half as well, making 
the net number of flux linkages zero. Since the conductor has a 
finite thickness and the conductors must be insulated from each other 


there will be a certain number of net flux linkages and hence a 


certain inductance which cannot practically be reduced. 


_ Does this then mean that the response voltage Vay must neces- 
sarily contain a certain inductive voltage drop? The answer is 


no and to see why this should be so consider the case of a current 


flowing through a straight, isolated, conductor containing no 
resistance. The current will set up a 


magnetic flux which produces an inductive voltage drop Van = L oe 
where Lis the self inductance of the conductor. If an ay cenpele 
is made to measure the voltage however, the measured voltage Vap 
Will be found to vary with the location of the leads to the measuring 


device. If the potential leads are run near the conductor as below 


4 —_—___> 
conductor 
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Since the current is not concentrated at the center of th ri 
flux density is not uniform and not all of the flux hiaigibel hece 
conductor. A potential lead laid along the center of the ribbon 
would be linked by more than the average flux linking the ribbon 
while a potential lead laid along the edge would be linked by less 
For perfect compensation the potential lead should be linked by 
just the flux equal to the average flux linking the ribbon. This 
could be done by spacing the potential lead the correct distance 
from the ribbon, placing it along the ribbon at the correct dis- 
tance Irom the edge, or running~ the potential lead along only the 
correct portion of the total length of the ribbon. An analytical 
determination of the correct location is very difficult, but the 
problem can be tackled experimentally. : 


EXPERIMENTAL TESTS: 


test Connections 
Pk Shy the tesponse to a step function defines the response 

i el wave it Was decided to investigate the response of various 
Shunts to approximate step functions of current at low voltages. 


. Ars approximate Step function of current was generated by using 
a cable type pulse geyerator in the following circuit. , | 


a wi OR Deflection Cable 
75 ohms coax. cabta * a 
& e ne i * . NV 


Ma yn 
hee 


ne? 


(75-R) 


ge eeton line; Which has been charged through a high 
Peres oe tLe ee eee into a resistor equal to the surge impe- 
the resistor “The : even Oe ee of current will flow through 
io of Bc ee en’ pulse lasts twice as long as the travel 
Rie pee OT Cele. A moderate amount of inductance in _ 
ee ce oT merely Slows down the rise time of the 
Stee ise sé, bu oes not distort the wave appreciably. When 
) Current shunt is connected in the circuit as above , 


the current is i ‘ 
, wey LS primarily contro] | A Papel eae 
is usually verynear 75 ae oiled by une added mesistor, which 


The pulse generator used w 


2 as capable « : pin 
across a 75 ohm resistor thus pable of developing 100 volts 


producing a current of 1.3 amperes. 
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nt through a shunt produces a response voltage which 
fied and displayed on an oscilloscope. A Tektronix 
cope with a 53/54K preamplifier was used. 


Such a curre 
ean be ampli 
UE red mts eagle | 
545 oscillos 


Shunts Tested and Results 


The following current shunts were tested first: 


0.0238 ohms - hairpin construction 
0.05380 ohms- hairpin construction 
0.25 ohms » hairpin construction 
0.9346 ohms - hairpin construction 


O2 ohms - coaxial shunt 


O. 
1) 5 ohm non-inductively wound resistor cared 
2) 5 ohm non-inductively wound resistor cards , in parallel 


Photographs of these shunts are shown on PL 120089. Tracings 
of the response wave oscillograms:-are shown on Figures 1: ARG: Cnc 
The inductive voltage drop during the rising portion of the applied 
wave was quite pronounced with the hairpin shunts and the resistor 
eards. While the limited performance of the oscilloscope amplifier 
resulted in the overshoot being reproduced with less than its true 
amplitude and more than its true width the performance of various 
shunts could still be compared. The coaxial shunt gave an almost 
verfect reproduction of the applied wave. 


To determine the effect of potential lead placement a highly 
snductive shunt was built as shown on Figure 3. The response was 
determined with a #27 cotton and enamel covered copper potential 
lead arranged in the five different locations shown. Tracings 
of the resulting response waves are shown on Figures 4H and 5. 
Figure 4 shows the input wave and uncompensated response Waves 
displayed directly on the plates of the oscilloscope to eliminate 
the distortion caused by the amplifier. Figure 4 also shows the 
response wave as passed through the amplifier. The amplifier 
reduced the relative magnitude of the measuréd inductive drop and 
Lenethened the duration. Figure 5 snows the effect of various 
potential lead arrangements. The initial spike was not reduced 
appreciably, which may indicate iv was eaused partly by an increased 
resistance due to skin effect during the fast. rising portions of the 
applied current wave. Definite changes were noted on the tail of the 
response wave however. With the potential lead near the center the 
response sloped upward indicating that the lead was linking more than 
the average flux linking the resistance ribbon. With the lead at 
the edge the response sloped down indicating the lead was linking 
less than the average flux. The possibility of overcompensation 
did exist then, but the response could be considerably improved. 
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The shunt was then rebuilt with the Spacing.between the two [7 : 

halves of the resistance ribbon reduced to a more realistic 0.01 — en ners } 
inch. The resulting response waves are shown on Figure 6. The 

effect of potential lead placement was no longer as pronounced, 
presumably because the total inductance of the LOOp had been 

reduced due to coupling between the two halves of the resistance 
ribbon. ‘The tendency toward over or under compensation still existed, 
but the effect lasted for a much shorter time. The relative magnitude 
Of the inductive drop was larger since the potential lead could not 

be held as close to the body of the resistance ribbon. Also shown 

is the response when a strip of foil as wide as the resistance 

ribbon was used as the potential lead. The width of the spike was 
less because the self-inductance of the petential lead was lower. 


As a final cheek a shunt was buiit with dimensions as shown 
on Figure 33C. The spacing between the potential lead and the , 
ribbon and between halves of the ribbon was reduced to about 3 mils, | ! 
and the entire structure clamped tightly together. A ribbon wag a ; 
used as the potential lead to reduce its inductance and to facili- i 
tate mechanical assembly. Figure®8/shows the response waves measured S | ee) | 
Daa t between points A and B and measured using the potential | 7 ( 0.0538 Ohm Shunt 


The wiggle in the middle of the response waves was probably 
due to a reflection in the coaxial connections to the pulse genera 
tor. The response of the shunt was markedly improved by the use 
of the potential lead. The inductive drop was greatly reduced 
While no apparent tendency toward overcompensations was seen, 7 


CONCLUSIONS: 


While no apparent tendency toward overcompensation was seen 
On the shunt of Figure 3C when using a ribbon potential lead it 
must be remembered that this was a rather high resistance shunt, 
0.245 ohms. In shunts of low resistance the inductive drops 
are more important and compensation for inductance might be more 
Critical. Coaxial shunts, which are inherently compensated 
for inductive drops, might then be used wherever feasible. Where 
the expense of a coaxial shunt is not Justified, or where the 
desired resistance is too high for a coaxial shunt to be practi- 
Cal, the hairpin type of shunt with a ribbon potential lead could 
be used to good advantage. Such a construction, in the higher 
Pesistance ranges at least, results in a shunt With a transient 
Fesponse nearly as good as a ecaxial shunt. 
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RESPONSE OF SHUNT 
No Compensation by 


SHOWN ON FIGURE 3A 
Potential Lead 


Applied Wave me e: 
directly on vertical 
deflection plates of the 
oscilloscope. 


a ee 


Response Wave. méasured 
directly on vertical 
deflection plates of oscil- 
lescope. 


#19 


OS -12 §.16).20°2F ae iio ae 
Mlerosecondes 


FIGURE 4. 
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RESPONSE OF SHUNT SHOWN ON FIGURE 3A 
WITH POTENTIAL LEAD AT VARIOUS LOCATIONS 


Potential lead at center 
of resistance ribbon 


Potential lead 1/4" from 
edge of resistance ribbon. 


Potential lead 3/32" from 
edge of resistance ribbon. 


Potential lead at edge of 
pagsistance ribbon. 


Cc 
Microseconds 


ete \/ 0 to 
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FIGURE 5. 
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RESPONSE OF SHUNT SHOWN ON 
WITH POTENTIAL LEADS A® VARIO 
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FIGURE 3B 
US LOCATIONS 


lead at center 
ance ribbon #30 
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Potential lead 1/8" from 
edge of resistance ribbon 


#34 
tet ss 
‘asa? a 


Potential lead at edge of 
resistance ribbon. 


Potential lead made of jr 


wide copper foil 


FIGURE 6. 
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RESPONSE OF SHUNT SHOWN ON FIGURE 3c 
EL 4479 


Applied current wave (Vn_,) 
measured directly at plates 
of oscilloscope #34 


ero 


Applied voltage wave (Vp ong) 
measured directly at platés 


of oscilloscope #35 


Response without potential 
lead compensation (Va—pnd) 


#36 
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Response with potantial 
lead compensation (Var—pnd) 


Same as oscillogram #37, 
but with more amplification. 
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